Abstract
Introduction
In the March 2000 European Summit held at Lisbon, the strategic goal for Europe to become the most competitive and dynamic knowledge-based economy in the world over the next ten years it was put forward. Moreover, the importance of promoting innovation and singled out research as an essential element of the foundation on which innovation can be built was highlighted. In a knowledge-based economy Research, Development and Innovation are essential to the development of new products and processes, which in turn are critical to economic competitiveness, employment and the enhancement of society (OECD 1992) .
The Lisbon Strategy adopted an open coordination method, resorting to the use of qualitative and quantitative indicators, as an instrument to evaluate each country's performance and to spread information on best practices (Tavares 2003) . These indicators do not measure adequately the efforts of structural reforms as they have essentially a static nature. Thus, to some extent, they miss the evaluation of the catching up effort. Therefore, it is desirable to consider dynamic indicators, which might provide more comprehensive representation of countries' effort.
Recent studies within new growth literature agreed that an economy's productivity level depends on its cumulative R&D effort and on its effective stock of knowledge, with the two being interrelated (Coe and Helpman 1993; Bönte 2003) . For them innovation feeds on knowledge which results from cumulative R&D experience on the one hand, and it contributes to the stock of knowledge on the other.
Although there has been some progress in modelling knowledge at the theoretical level, less progress has been made at the empirical level (Aghion and Howit 1998). We do not have generally accepted empirical measures of such key theoretical concepts as the stock of (technological) knowledge and the stock of human capital (Teixeira 2005) .
This paper aims at providing a dynamic indicator of Portugal's stock of technological knowledge or innovation capability over four decades , based on R&D accumulated efforts. This, combined with other quantitative and qualitative indicators, is likely to provide a broader and accurate depiction of country's economic evolution.
The paper is structured as follows. In the next section (Section 2), a brief review of the significance of R&D efforts for nations' economic performance is documented. Then, in Section 3, the methodology for constructing the proxy for indigenous innovation capability is detailed and the results of estimation presented. Finally, Section 4 presents the most important conclusions. The appendix presents all steps and results of the estimation procedure.
The importance of technological knowledge stock for economic performance: a review
Early neoclassical models (e.g., Solow 1956 ) treated technical change as an exogenous variable, illustrating how long-run economic growth only depended on (exogenous) technical change. Arrow (1962) , who endogeneised technology by assuming learning-by-doing, argued that it grew at a constant rate, and found that long-run growth vitally depends on population growth. Other important contributions in the 1960s were made by authors such as Uzawa (1965) , Phelps (1966) , Conlisk (1967) and Shell (1967) , who related technology growth to some specification based on labour resources devoted to the development of new technologies and ideas.
Albeit physical capital stock has been for long considered as an important generator of returns and growth (Levine and Renelt 1992) , Hall and Hayashi (1989) underline that other forms of capital, such as knowledge or R&D capital (the accumulated know-how, technical expertise, trade secrets, etc., that are embodied, for instance in firms and the workforce) were also capable of generating high returns and could be more likely to generate more long-lasting, supra normal returns. In fact, the bulk of studies, mostly focusing North-American R&D, at both firm and industry levels do show high rates of return, around 25 and 15 per cent, respectively (Nadiri 1993 ).
Research on endogenous economic growth (Grossman and Helpman 1991; Romer 1990; Aghion and Howitt 1998) considers commercially oriented innovation efforts that respond to economic incentives as a major engine of technological progress and productivity growth. For such stream of the literature, innovation feeds on knowledge that results from cumulative R&D experience on the one hand, and it contributes to this stock of knowledge on the other. Therefore, an economy's productivity level depends on its cumulative R&D effort and on its effective stock of knowledge, with the two being interrelated (Coe and Helpman 1993) .
Indigenous R&D produces traded and non-traded goods and services that bring about more effective use of existing resources and thereby raises a country's productivity level (Jones and Williams 1999) . Additionally, domestic R&D enhances a country's benefits from foreign technical advances, and the better a country takes advantage of technological advances from the rest of the world the more productive it becomes (Coe, Helpman and Hoffmaister 1997) .
The cumulative R&D effort is therefore intimately related to national innovative capacity of a country to produce and commercialise a flow of innovative technology over the long term (Stern, Porter and Furman 2000) . Innovative capacity depends on an interrelated set of investments, policies and resource commitments, which underpin the production of the new-to-the-world technologies. National innovative capacity is not the realised level of innovative output at a single point in time but reflects the more fundamental determinants of the innovation process. This concept draws heavily on ideas-driven endogenous growth theory (Romer 1990 (Romer , 1993 . In models of ideas-driven growth, the ideas production function depends on two aggregate factors that influence the rate of innovation in an economy: the prior stock of knowledge accumulated by that economy, and the level of R&D effort devoted towards ideas production.
The theoretical framework described above highlights the potential importance of R&D for a country innovation capability and growth performance. The comprehensive study of Stern, Porter and Furman (2000) suggests that public policy plays an important role in shaping a country's national innovative capacity. Besides simply increasing the level of R&D resources available to the economy, government actions play an important role in shaping human capital investment and innovation incentives. They point that countries such as Japan, Sweden, Finland and Germany, who implemented policies aimed at encouraging human capital investment in science and engineering as well as competition on the basis of innovation (e.g., through the adoption of R&D tax credits), increased their level of innovative capacity over the last quarter century.
Nowadays, there exists convincing empirical evidence, which shows that cumulative indigenous R&D effort is in fact an important determinant of country's productivity and growth performance (Griliches 1988; Coe and Moghadam 1993; Teixeira and Fortuna, 2004) . 1 1 Soete (1996) , Young (1998) (Jones 1993; Kortum 1994) , patents (Fagerberg 1987 (Fagerberg , 1988 Kortum 1993 Kortum , 1994 , R&D intensity, that is, R&D/GDP ratio (Griliches 1988 ) and accumulated expenditures in R&D (Coe and Helpman, 1993; Coe, Helpman and Hoffmaister 1997) . Fagerberg (1987) divides technological levels and technological activities measures into two types: technological input measures (education expenditures, R&D expenditures, scientists and engineer employment), and technological output measures (patents). The former are directly related to countries' innovation capability, being also linked with countries imitation capability in the sense that a given scientific base is needed for imitation process to be well succeeded. The output measures are specifically related to innovative activities, that is, product and process innovation.
Interest in R&D depends more on the new knowledge and innovations and the economic and social effects that result than on the activity itself. Unfortunately, while indicators of R&D output are clearly needed to complement input statistics, they are far more difficult to define and produce. In the present work we privilege technological input measures, specifically, R&D accumulated expenditures. This option, besides the availability of data, is intimately related to the fact that the Portuguese economic growth process has been characterised, in larger extent, by the adoption and diffusion of knowledge and lesser by its creation (Verspagen 1993) .
Analogous to Coe and Helpman's (1993) empirical work, we use R&D accumulated expenditures as proxy for the stock of knowledge (indigenous innovation capability). Thus, we estimate, for Portugal, a proxy of the internal or indigenous stock of knowledge based on internal expenditures of R&D.
The estimates R&D capital stocks were constructed on the basis of R&D data published by the Observatório de Ciência e Ensino Superior (OCES), former Junta Nacional de Investigação Científica (JNICT) and the Instituto Nacional de Estatística (INE).
We opt to construct two capital stocks, Total R&D capital stock -R&D performed by the whole economy, Firms, the State and Tertiary Education Non-profit Organisations -and Firm R&D capital stock (including only Firms). The reason relates to the fact that the meaning of the two aforementioned measures is likely to be substantially different for the purpose of assessing their contribution for countries' economic growth. Firm R&D capital stock tends to be more intimately linked to market incentives while Total R&D capital stock, being more encompassing, tends to include knowledge spillovers from R&D activity, which are likely to positively affect the whole society.
At the present time, R&D statistics are the result of the systematic development of surveys based on the Frascati Manual and are part of the statistical system of the OECD member countries. According to Frascati Manual (OCDE 2002: 31) , 'Research and experimental development (R&D) comprise creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications'.
R&D covers three activities, basic research, applied research and experimental development (OECD 2002) . Basic research is experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying foundation of phenomena and observable facts, without any particular application or use in view. Applied research is also original investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards a specific practical aim or objective. Experimental development is systematic work, drawing on existing knowledge gained from research and/or practical experience, which is directed to producing new materials, products or devices, to installing new processes, systems and services, or to improving substantially those already produced or installed. R&D covers both formal R&D in R&D units and informal or occasional R&D in other units.
In this vein, as highlight in the previous section, R&D activities emerge as key factor for building countries' innovation and technological adoption capabilities.
Research and development is an investment flow. However, what affects output is most probably some accumulated stock of the previous results of such investments. Since such results are not easily quantifiable; most authors have constructed some stock of R&D capital measure (Griliches 1980; Coe and Helpman 1993; Coe, Helpman and Hoffmaister 1997) . Real R&D expenditures result from deflating nominal expenditures. For this purpose, we considered two deflators: GDP deflator (used by OCES and INE) and an index of R&D implicit prices.
The index of R&D implicit prices (PR&D) was constructed, following Coe and Helpman's (1993) suggestion, as a weighted average of GDP deflator (PY) and the index of workers average wages (PW). However, differently from Coe and Helpman (1993) , we take into account the effective composition of R&D expenditures. According to available data for the period 60 .03 per cent of total R&D expenditures corresponded to labour costs (see Table A3 in the Appendix).
Thus, the index of R&D implicit prices (PR&D) 2 was computed as follows (see Figure 1) :
In spite of the two real R&D series do not significantly differ over the period in analysis (after 1995, though, their evolution is dissimilar), we opt by the index of R&D implicit prices as it is the most theoretical sound procedure.
Firm real R&D investment reveals a more erratic trend than total real R&D investment, suffering in the two most problematic periods of the Portuguese recent economic history, 1971-1976 and 1990-1995 , a significant drop. This might be explained, in some extent, by the fact that the large energy price shocks, the resulting fluctuations in capacity utilisation, the substantial increase in uncertainty about the future absolute and relative prices may have forced many firms away from their long-run investment plans. Most recently, however, investment in R&D invigorated showing signs of considerable dynamism, with average annual rates of 9.9 and 18.2 per cent, respectively for the total economy and for firms (see Table 1 relating real R&D expenditures to real product and investment (all in logs) to 'predict' the missing R&D data. 3 The outcome of such estimation is presented in Table A6 of the Appendix. R&D total/firm capital stock (RTR&D/RFR&D), which are defined as beginning of period stocks, are computed from real R&D expenditures following a perpetual inventory method:
where RTR&Dt is the total R&D capital stock, in period t; RR&Dt is the real expenditure in R&D, in period t; and ␦ . the rate of depreciation or knowledge obsolescence rate. The benchmark for R&D capital stock (RTR&D0 or RFR&D0) is computed following the procedure suggested by Griliches (1980) , as (3) where g is the real average annual growth rate of R&D expenditures over the period for which published R&D data were available ; RR&D0 is the real expenditure in the first year for which published R&D data were available (1964), and ␦ . is the depreciation rate.
The depreciation of R&D is related to the loss of quasi-rents in the sense that the information generated by this activity becomes widely disseminated (Bosworth and Jobome 2003) .
4 Given the absence of empirical studies that indicate the approximate rate of knowledge diffusion, that is, the rate of knowledge obsolescence, we consider different rates of knowledge obsolescence (0, 5, 10 and 15%).
5
As we can observe in Figure 2 , the evolution of R&D capital stocks associated with different obsolescence rates are similar, therefore the choice for one or another rate was not consider highly fundamental for the purpose of the analysis. We opt to consider an intermediate depreciation rate, 5 per cent.
Between 1960 and 2001 the Portuguese R&D capital stock increased significantly, as the following figure shows. For the economy as whole (Total R&D capital stock) it increased by a factor of 10.5. Considering the private sector (Firms R&D capital stock) this stock was 13-fold larger by the end of the period than at the beginning (see Figures 3 and 4) .
Such evidence seems to indicate that over the last four decades the Portuguese total and firm stock of knowledge have evolved favourably, which might to some extent constitute a potential factor of the Portuguese economic growth. In fact, Teixeira and Fortuna (2004) , using the firm R&D capital stock estimated here, concluded that this latter constitutes an import growth factor of the Portuguese economy in the last forty years.
Analysing the average growth rates of the R&D capital stock (Table 2 ) it is possible to observe a slowdown in 1976-1980 and 1990-1995 periods and a recovering in the most recent period (1995) (1996) (1997) (1998) (1999) (2000) (2001) , particularly of the firm R&D capital stock.
A similar procedure was suggested by Coe and Helpman (1993) to foresee missing R&D data for a set of small countries. 
Conclusion
In a knowledge-based economy Research, Development (R&D) and Innovation are consider an essential element for the development of new products and processes, which in turn are critical to economic competitiveness, employment and the enhancement of an economy. In fact, studies on endogenous economic growth (Grossman and Helpman 1991; Romer 1990; Aghion and Howitt 1998) engine of technological progress and productivity growth. It is argued that innovation feeds on knowledge that results from cumulative R&D experience on the one hand, and it contributes to this stock of knowledge on the other. Therefore, an economy's productivity level depends on its cumulative R&D effort and on its effective stock of knowledge, with the two being interrelated (Coe and Helpman 1993) .
Progress in modelling knowledge at the empirical level has been falling behind progress at the theoretical level. Few generally accepted empirical measures of the stock of (technological) knowledge exist. Most of them are only available at cross-country level hampering long-term economic growth analysis of individual countries, given the absence of continuous time series.
In the present paper we provide a dynamic indicator of the Portuguese stock of technological knowledge or innovation capability since the 1960s up to 2001, based on R&D accumulated efforts. Following a perpetual inventory method, having total and firm R&D expenditures as benchmark indicators, we estimated total and firm R&D capital stock for the Portuguese economy.
Despite slowdowns observed in 1976-1980 and 1990-1995 periods, estimated data seem to indicate that over the last four decades the Portuguese 85 How has the Portuguese innovation capability evolved? Estimating a time series . . . Table A9 in the Appendix). : 1964 -72: JNICT (1986 ), Indicadores de Ciência e Tecnologia Portugal 1964 -1982 1976-90: INE, Anuário Estatístico do INE; 1991 -2001 PY: Neves, J.C. (1994) : 1964 : -72: JNICT (1986 , Indicadores de Ciência e Tecnologia Portugal 1964 -1982 1976-90: INE, Anuário Estatistico do INE; 1991 -2001 Coe and Helpman's (1993) Knowledge, 1960 -2001 (Index 1995 .
Source: Author's calculations (see

